Streptococcus salivarius is a normal member of the human oral microbiome that is an uncommon cause of invasive infections. Meningitis is a rare but increasingly reported infection caused by S. salivarius. Despite the growing number of reported cases, a comprehensive review of the literature on S. salivarius meningitis is lacking. We sought to gain a better understanding of the clinical presentation, evaluation, management and outcome of S. salivarius meningitis by analyzing previously reported cases. In addition to a single case reported here, 64 previously published cases of meningitis were identified for this review. The collected data confirm that the most patients presented with classical signs and symptoms of bacterial meningitis with a predominance of neutrophils in the cerebrospinal fluid (CSF) and hypoglycorrachia. The majority of cases followed iatrogenic or traumatic CSF contamination. Most cases were diagnosed by CSF culture within one day of symptom onset. There was no clear evidence of predisposing co-morbid conditions in patients with meningitis, although in most case reports limited information was given on the medical history of each patient. Outcomes were generally favorable with antibiotic management. Clinicians should suspect S. salivarius meningitis in patients presenting acutely after medical or surgical procedures involving the meninges.
Introduction
Acute bacterial meningitis remains an important cause of morbidity and mortality worldwide, despite advances in prophylactic vaccination and pharmacotherapy. While previously
Haemophilus influenzae was the most frequent cause of acute bacterial meningitis in the US, widespread vaccination against this pathogen resulted in Streptococcus pneumoniae supplanting H. influenzae as the leading cause of bacterial meningitis [1] . Vaccination against S. pneumoniae is now reducing the incidence of central nervous system infections caused by this bacterium [2] .
As the burden of pneumococcal meningitis wanes, a relative increase in the proportion of cases caused by other streptococci emerges. An important example is S. salivarius, a viridans group Streptococcus that is prone to causing nosocomial or iatrogenic central nervous system infections [3] . As recently underscored by the Centers for Disease Control and Prevention, S. salivarius and other viridans group streptococci are the most frequent causes of bacterial meningitis following spinal procedures such as anesthesia, accounting for up to 60% of cases [4] [5] [6] . Several case reports describe S. salivarius meningitis also complicating upper respiratory infections, endocarditis, posttraumatic cerebrospinal fluid (CSF) leaks, and neurosurgical procedures [7] .
Despite the growing number of reported cases, a comprehensive review of the literature on S. salivarius meningitis is lacking.
We recently diagnosed a case of spontaneous S. salivarius meningitis associated with a CSF leak that likely resulted from chronic sinus infections. Interestingly, this case was associated with a false-positive urine rapid immunochromatographic test (ICT) for S. pneumoniae, although in vitro testing failed to identify an ICT cross-reaction between S. salivarius and S. pneumoniae.
We sought to report this interesting clinical occurrence and provide a comprehensive overview of previous cases of S. salivarius meningitis that summarize key features of this infection. stiffness resolved. After the cultures results returned she was treated with cefepime 2 gm iv and vancomycin 1gm iv (both after dialysis, 3 times per week) for 14 days. Broad spectrum antibiotics were maintained pending identification of the streptococcal species. There was complete neurological improvement and no relapse since therapy was discontinued.
Following discharge, the patient had persistent intermittent occipital headaches and described left-sided clear rhinorrhea. Drainage was exacerbated with leaning forward. She was evaluated with a noncontrast maxillofacial CT scan, which showed continued opacification of the left Endoscopic evaluation shows complete coverage of the defects. The middle ear effusion persisted and was treated with myringotomy, and fluid was not cultured at the time of tube placement. This has not recurred.
Results of Literature Review
In addition to the case presented here, 64 published cases of S. salivarius meningitis were identified in the peer-reviewed literature [3-5, 7, 9-40, 49] .
Demographics/predisposing conditions S. salivarius meningitis occurred equally among men and women, with approximately 50% of cases in each gender (50 total cases reporting data). The age distribution of cases was broad, with the most common age deciles being 20-29 and 50-59 years (Figure 2 ). There was no clear evidence of predisposing co-morbid conditions in patients with meningitis, although in most case reports limited information was given on the medical history of each patient.
Exposure/ inoculation
The majority of cases of S. salivarius meningitis (39 of 58 cases; 67%) were associated with iatrogenic causes, usually following epidural anesthesia or spinal myelography ( 
Duration of symptoms
A total of 50 reports of meningitis included data regarding the duration of symptoms prior to diagnosis. Of these, 45 cases (90%) presented within one day of symptom onset. Thirty-nine of the 50 cases (78%) were iatrogenic. There was a non-significant trend for iatrogenic cases to get diagnosed sooner following the onset of symptoms than non-iatrogenic cases (22.3 ± 2.7 hrs vs.
hrs to diagnosis; P = 0.16 by Student t-test).

Microbiology and CSF characteristics of infection
All reported cases were diagnosed on the basis of positive cultures or PCR from a lumbar cases where results were reported. Blood cultures were positive in 13 of 40 cases (32.5%) from which data were available, but data were not presented in these reports regarding the presence or absence of endocarditis. The majority of cases were determined to be S. salivarius based on positive CSF cultures in 62 of 65 cases (95.3%). Only 3 cases had negative cerebrospinal CSF cultures and the bacterial pathogen was identified using alternative methods such as PCR of the 16S rRNA gene [4, 37] .
Treatments
The reported treatments of S. salivarius meningitis typically included a beta lactam antibiotic, most often either a penicillin or cephalosporin. The next most common medication was vancomycin. Dexamethasone was given in 5 cases, as well as in the case described herein [5, 25, 31, 35, 38] . The average duration of treatment was 14 days (this was only reported in 33 of the 65 cases (50%)).
Outcome and follow up
In most cases of S. salivarius meningitis patients survived without major sequelae of the infection, with 55 of 57 patients surviving and only 2 deaths (of those reporting outcome) [4, 36] .
Complications occurred in 5 patients, one of whom died. 
